Introduction
Endometriosis is characterized by the presence and proliferation of functional endometrial tissue outside the uterine cavity, usually on the pelvic peritoneum, ovaries and rectovaginal septum and is often responsible for pelvic pain and infertility (Giudice and Kao, 2004) . Although its etiologies and mechanisms still remain unclear, it is widely accepted that endometriosis is an estrogen-dependent chronic inflammatory disease, and several proinflammatory cytokines have been suggested to play a crucial role in inflammatory reactions associated with endometriosis (Fakih et al., 1987; Eisermann et al., 1988; Hill and Anderson, 1989; Harada et al., 1997; Bulun, 2009; Mori et al., 1991; Ho et al., 1997; Suen et al., 2014) .
IL-32 has been recognized as a new proinflammatory cytokine and a strong inducer of other proinflammatory cytokines, such as TNF-α and IL-8 (Kim et al., 2005) . IL-32 is located on human chromosome 16p13.3, and at least nine splice variants of IL-32 have been identified so far; IL-32 α, β, γ, δ, ε, ζ, η, θ and ι (Kim et al., 2005; Goda et al., 2006; Kang et al., 2014) . Although these isoforms may have different biological activities, not all of the functions of each isoform have been well described. The most abundant isoform in human NK cells seems to be α, and the most active isoform is γ, which is the longest splice variant containing all exons (Choi et al., 2009) . IL-32 is expressed in most human tissues including brain, bone marrow, immune systems, endocrine tissues, lungs, gastrointestinal tract, liver, pancreas, urological tract, skin, adipose tissues and reproductive organs (The human protein atlas) and the expression is more prominent in immune cells than in non-immune tissues (Hong et al., 2017) .
Originally it was shown that IL-32 activates typical cytokine signal pathways of nuclear factor-kappa B and p38 mitogen-activated protein kinase (Kim et al., 2005) . However, the detailed downstream signaling pathway of IL-32 remains undefined since the IL-32 receptor has not been identified (Ribeiro-Dias et al., 2017) . IL-32 is a mediator of the inflammatory response and has been shown to control immune function, host defense and cell death (Bai et al., 2010; Li et al., 2010; Joosten et al., 2013) . IL-32 is also involved in several inflammatory diseases, such as rheumatoid arthritis, chronic obstructive pulmonary disease, chronic rhinosinusitis, ankylosing spondylitis and inflammatory bowel disease (Shioya et al., 2007; Calabrese et al., 2008; Ciccia et al., 2012; Soyka et al., 2012) .
Based on the emerging importance of IL-32 in several inflammatory conditions, IL-32 expression may also have a potential role in the pathogenesis of endometriosis, which is characterized by chronic inflammation. However, the role of IL-32 has not been reported in endometriosis so far. Therefore, the present study aimed to evaluate the possible role of IL-32 in the pathogenesis of endometriosis. We compared IL-32 levels in peritoneal fluid (PF) between women with and without endometriosis, evaluated the in-vitro effects of IL-32 on viability, proliferation and invasiveness of endometrial cells, and investigated the effect of IL-32 on endometriosis using an IL-32 transgenic (TG) mouse model.
Materials and Methods

Tissue and sample collection
For endometrial stromal cell (ESC) cultures, endometrial samples were obtained from fertile women (n = 10) diagnosed with intramural leiomyoma at the time of hysterectomy. Women with endometrial abnormalities, adenomyosis or pelvic endometriosis, and those who had taken any hormonal medication in the preceding 3 months were excluded. The endometrial samples were placed in Hank's balanced salt solution (HBSS) and transported to the laboratory for ESC isolation and culture.
PF was collected in the follicular phase from women with advanced stage endometriosis (n = 45) and from controls (n = 40) during laparoscopic surgery. PF was obtained from the posterior cul-de-sac or uterovesical pouch through laparoscopic cannula. We excluded any PF samples with blood-contamination. The cellular components of the PF were removed by centrifugation at 3500 revolutions per minute for 15 min. The PF supernatant was then collected and stored in aliquots at -70 to 80°C until analyzed. All of the patients in the endometriosis group were confirmed as having ovarian endometrioma by histological report. All of the patients in the control group were confirmed as having no endometriotic lesions by laparoscopy, and they had histological diagnoses of uterine leiomyoma (n = 29) and benign ovarian cyst (n = 11). The clinical characteristics of cases and controls are summarized in the Table I. Written informed consent was obtained from each patient using consent forms and protocols were approved by the Institutional Review Board for Human Research of Asan Medical Center.
Cell line, cytokines and animals
The Ishikawa cell line (a well-differentiated endometrial adenocarcinoma cell line) was purchased from Sigma-Aldrich. Recombinant IL-32 alpha (α) and gamma (γ) were purchased from R&D Systems. IL-32γ TG mice on a C57BL/6 background were obtained from Professor Kim's laboratory (Konkuk University, Korea) (Choi et al., 2010) . C57BL/6 mice were purchased from SLC Inc.
Isolation and culture of human ESC
ESCs were separated and maintained in monolayer culture as described previously . Following isolation, ESCs were passed by standard methods of trypsinization, plated in culture dishes, and grown in DMEM supplemented with 10% charcoal-stripped calf serum (Flow Laboratories). ESCs after the first passage were assayed immunocytochemically using specific cell-surface markers and we have previously shown that the purity of isolated ESCs was more than 95% Lee et al., 2009) . We utilized only the cells after the first passage in all experiments using ESCs.
Experimental setup for IL-32 treatment
In each experiment, different cell batches of Ishikawa cells or separate passages of ESCs from different patients were utilized. After growth of the Ishikawa cells and the ESCs to 70% confluence, they were treated with serum-free, phenol red-free medium (Sigma-Aldrich) for 24 h before treatment with IL-32 α and IL-32 γ. To evaluate the effect of IL-32 on the cellular viability, proliferating cell nuclear antigen (PCNA) expression and cellular invasiveness, cells were treated with vehicle (control), IL-32α (25 or 50 ng/ml) or IL-32γ (25 or 50 ng/ml).
Cell viability assay
Cell survival was analyzed using a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay (Cell Titer 96 Aqueous Cell Proliferation Assay kit; Promega). Absorbance was assessed in a microplate reader at a wavelength of 490 nm, and the results were expressed as a percentage of the absorbance observed in control (untreated) cells.
Protein extraction and western blot analysis
The cells were resuspended in lysis buffer (Cell Signaling Technology, Danvers, MA, USA) containing a protease inhibitor cocktail (complete mini tablet, Roche). The membranes were blocked by incubation for 1 h at room temperature prior to overnight incubation at 4°C with primary antibodies raised against PCNA (Cell Signaling Technology) and β-actin (Cell Signaling Technology). After three washes, the membranes were further incubated with a secondary horseradish peroxidase-conjugated anti-IgG antibody (Invitrogen, Carlsbad, CA, USA) and visualized using a Pierce chemiluminescent substrate (Life Technologies, Carlsbad, CA, USA). Densitometric quantification of the bands was performed using a laser densitometer. Bars represent the mean of three replicates.
Invasion assay
Cell invasion was analyzed using a 96-well transwell plate containing 8-μm pore size inserts (Corning) coated with Cultrex basement membrane extract (Trevigen). After starvation of the cells in serum-free DMEM for 18 h, 50 μl of cell suspension (50,000 cells/well) was added to the top chamber and 100 μl of serum-free DMEM with vehicle, IL-32α (25 or 50 ng/ml) or IL-32γ (25 or 50 ng/ml) were added to the bottom chamber. The chambers were incubated in humidified air with 5% CO 2 at 37°C for 24 h. After 24 h incubation, the top chamber inserts were washed with washing buffer to remove non-invading cells, and the inserts were transferred to an assay chamber plate to analyze the number of invaded cells. The invaded cells were labeled with 5 μg/ml calcein-AM (Trevigen) in cell dissociation solution at 37°C for 1 h. Cell invasion was assessed by measuring the absorbance of samples at 485 nm excitation and 520 nm emission using the same parameters (time and gain) with a Victor X3 multilabel plate reader (PerkinElmer).
Enzyme-linked immunosorbent assay (ELISA) for IL-32, IL-1β and TNF-α IL-32, IL-1β and TNF-α levels in the PF as well as IL-32 levels in the cell supernatants and cell lysates were quantitated using each ELISA kit (R&D Systems) according to the manufacturer's instructions. Absorption of the streptavidin-horseradish peroxidase color reaction was measured at 450 nm and then the optical density was corrected at 570 nm. The optical density was compared with serial dilutions of recombinant human IL-32, IL-1β and TNF-α as a standard.
Autotransplantation of endometrial tissues in IL-32 transgenic and wild-type mice
Five-week-old female IL-32γ TG mice and C57BL/6 mice were ovariectomized and had an acclimatization period of two weeks. They were housed in laminar flow filtered hoods and fed with sterilized food and water. After ovariectomy, sterile 60-day release capsules containing 0.05 mg 17 β-estradiol (Innovative Research of America) were inserted subcutaneously at a site just below the scapula. Before invasive procedures, the mice were anesthetized via an intra-peritoneal injection of a mixture of 40 mg/kg tiletamine/ zolazepam (Zoletil, Virbaclab) and 10 mg/kg xylazine (Rumpum, Bayer Korea). Endometriotic lesions were experimentally induced by autotransplantation of right uterine horn onto the peritoneal wall. A mid-ventral incision was made and then a right uterine horn was excised. The uterine horn was opened longitudinally and then cut into square pieces measuring 4 × 4 mm 2 . Each of endometrial fragments of equal size was sutured onto the peritoneal wall. There was no visible difference in the gross morphology of uterus between TG and wild-type (WT) mice. Thirty-one days after transplantation, the mice were sacrificed and then the lesions were photographed, removed and measured before fixation for immunostaining. 
Immunohistochemistry
Sections from formalin-fixed, paraffin-embedded tissue blocks of endometriotic lesions were cut (3 μm thickness) and mounted on glass slides. Immunohistochemistry was carried out using an automated slide preparation system Benchmark XT (Ventana Medical systems, Inc.). Deparaffinization, epitope retrieval, and immunostaining were performed according to the manufacturer's instructions by using cell-conditioning solutions (CC1) and the BMK ultraVIEW diaminobenzidine detection system (Ventana Medical Systems). Lesion sections were stained with PCNA (1:2000) and Ki-67 (1:100) (Abcam). Positive signals were amplified using ultra-VIEW copper, and sections were counterstained with hematoxylin and blueing reagent. The tissue slides were imaged using Vectra intelligent Slide Analysis System (version 2.0.8, PerkinElmer Inc.) and then these images were used to train the in Form Advanced Image Analysis Software (version 2.2, PerkinElmer Inc.) for quantitative image analysis.
Statistical analysis
Categorical variables were compared using the chi-square test or Fisher's exact test. All data were assessed by the Kolmogorov-Smirnov test to evaluate whether they were normally distributed. If the data were normally distributed, continuous variables were compared using Student's t test (two groups) or analysis of variance and Fisher's least significant difference post-hoc test for pairwise comparisons (three groups). If the data were not normally distributed, they were compared using the Mann-Whitney U test (two groups). Correlations between IL-32 and IL-1β or TNF-α levels were analyzed by Spearman correlation analysis. Statistical computations were conducted using the Statistical Program for the Social Sciences version 14.0 software. P < 0.05 was considered statistically significant.
Results
Comparison of IL-32, IL-1β and TNF-α levels between PF from women with and without endometriosis IL-32, IL-1β and TNF-α levels were compared between PF collected from women with (n = 45) and without endometriosis (n = 40). The PF concentration of IL-32 was significantly higher in the endometriosis group compared with the control group (P = 0.03) (Fig. 1A) , whereas there were no significant differences in IL-1β and TNF-α levels between the two groups ( Fig. 1B and C) . When we analyzed the IL-32 levels with IL-1β or TNF-α to see whether there exists any correlation between them, we could not see any significant correlation.
IL-32 levels in cell supernatant and cell lysate of cultured endometrial cells
To see the endogenous levels of IL-32 expressed by endometrial cells, we measured IL-32 levels in cell supernatant and cell lysate of cultured Ishikawa cells as well as ESCs after 24 h incubation without any treatment ( Fig. 2A) . In supernatants, IL-32 levels were 17.5 ± 4.2 pg/ml (mean ± S.E) in Ishikawa cells (n = 6) and 24.1 ± 6.4 pg/ml in ESCs (n = 6). In cell lysates, IL-32 levels were 117.4 ± 5.1 pg/ml in Ishikawa cells (n = 6), and 192.7 ± 8.4 pg/ml in ESCs (n = 6).
Cell viability following IL-32 treatment
Cell viability was evaluated in Ishikawa cells (n = 8) and ESCs (n = 8) treated with the vehicle, IL-32 α (25 or 50 ng/ml), or IL-32 γ (25 or 50 ng/ml), respectively. In Ishikawa cells, viability was significantly increased after treatment with IL-32α 25 ng/ml (P = 0.015 at 24 h and P < 0.001 at 48 h, respectively) as well as IL-32α 50 ng/ml (P = 0.019 at 24 h and P = 0.026 at 48 h, respectively) compared with cells treated with vehicle (Fig. 2B) . Treatment of Ishikawa cells with IL-32 γ 25 ng/ml and 50 ng/ml also caused a significant increase in viability at 24 h compared with cells treated with vehicle (P < 0.001 and P = 0.034, respectively) (Fig. 2D) . In ESCs, treatment with IL-32α 25 ng/ml led to a significant increase in viability at 24 h (P = 0.008) compared with the controls (Fig. 2C) . IL-32 γ also caused a significant increase in viability with the concentration of 25 ng/ml at 24 h (P < 0.001) and with 25 and 50 ng/ml at 48 h (P < 0.001 and P < 0.001, respectively) compared with the controls (Fig. 2E) .
PCNA expression following IL-32 treatment
PCNA expression was analyzed in Ishikawa cells (n = 7) and ESCs (n = 7) treated with vehicle or IL-32α (25 or 50 ng/ml). PCNA expression was significantly increased at 24 h after treatment with IL-32α 25 and 50 ng/ ml in both Ishikawa cells (P = 0.026 and P = 0.026, respectively) and ESCs (P = 0.025 and P = 0.025, respectively) compared with the controls (Fig. 3A and B) . PCNA expression was also compared in Ishikawa cells (n = 8) and ESCs (n = 6) among those treated with vehicle, IL-32γ 25 ng/ml or IL-32γ 50 ng/ml. Compared with the controls, PCNA expression was significantly increased at 24 h after treatment with IL-32γ 25 and 50 ng/ml in ESCs (P = 0.021 and P = 0.016, respectively), whereas there was no significant difference of PCNA expression following IL-32γ treatment in Ishikawa cells (Fig. 3C and D) . Figure 1 The peritoneal fluid concentrations of interleukin-32 (IL-32), interleukin-1 beta (IL-1β) and tumor necrosis factor-alpha (TNF-α) in women with and without endometriosis. *P < 0.05 vs control.
Cell invasiveness following IL-32 treatment
Cell invasiveness was analyzed in Ishikawa cells (n = 6) and ESCs (n = 6) treated with vehicle or IL-32α (25 or 50 ng/ml). Invasiveness was significantly increased at 24 h after treatment with IL-32α 50 ng/ml in Ishikawa cells (P < 0.001) compared with controls (Fig. 4A) . Treatment of ESCs with IL-32α 25 and 50 ng/ml also led to a significant increase in invasiveness at 24 h (P = 0.023 and P < 0.001, respectively) (Fig. 4B) . Cell invasiveness was also evaluated in Ishikawa cells (n = 10) and ESCs (n = 10) treated with vehicle or IL-32γ (25 or 50 ng/ml). In Ishikawa cells, IL-32γ treatment with 25 or 50 ng/ml for 24 h did not cause a significant difference compared with the controls (Fig. 4C) . In the ESCs, cell invasiveness was significantly increased at 24 h after treatment with IL-32γ 25 and 50 ng/ml (P = 0.047 and P = 0.018, respectively) compared with the controls (Fig. 4D) .
Comparison of endometrial tissue implants between IL-32γ TG mice and WT mice with immunohistochemical staining
The ectopic endometrial tissues of IL-32γ TG mice (n = 7) and WT mice (n = 6) have well-preserved gland and stroma without any necrotic areas (Fig. 5A) . When we compared the total volume of the ectopic endometrial tissues between IL-32γ TG mice and WT mice, we could see that the volume of the ectopic endometrial tissues was significantly larger in IL-32γ TG mice compared with WT mice (P = 0.041) (Fig. 5A) . Immunohistochemical staining showed that the expression levels of Ki-67 and PCNA were significantly higher in IL-32γ TG mice than in WT mice (P = 0.032, and P = 0.012, respectively) (Fig. 5B and C) . 
Discussion
To the best of our knowledge, the current study is the first one to demonstrate the possible role of IL-32 in the pathogenesis of endometriosis. We found that IL-32 levels were significantly increased in the PF from women with endometriosis compared with the controls. We also showed that in-vitro IL-32 treatment of endometrial cells led to significant increases in cellular viability, proliferation and invasiveness. Moreover, we could see that IL-32γ TG mice had a significantly larger size of the ectopic endometrial lesions with higher Ki-67 and PCNA expression compared with WT mice. These findings strongly suggest that IL-32 may play a critical role in the pathogenesis of endometriosis through increasing viability, proliferation and invasion of endometrial cells.
Given that endometriosis is well characterized as an estrogendependent chronic inflammatory disease, we hypothesized that IL-32 might play a role in the pathogenesis and/or pathophysiology of endometriosis. We compared the IL-32 levels in the PF between women with and without endometriosis along with TNF-α and IL-1β levels, and could see that only the IL-32 level was significantly higher in the endometriosis group compared with the controls. While several studies have shown increased TNF-α and/or IL-1β levels in the PF of women with endometriosis (Fakih et al., 1987; Eisermann et al., 1988; Hill and Anderson, 1989; Mori et al., 1991) , others found no significant difference in TNF-α and/or IL-1β levels between the PF of women with and without endometriosis (Cheong et al., 2002; Dziunycz et al., 2009; Barcz et al., 2012) . Barcz et al. (2012) suggested that this discrepancy among various studies might have resulted from unrevealed differences between the subjects such as disease activity, type of the lesions, menstrual phase and genetic diversity. Although the present study showed a more prominent increase of IL-32 than TNF-α and IL-1β in the PF of women with endometriosis, a further study is necessary to confirm this finding by recruiting much larger number of samples that can make adjustment for several confounding variables possible. It is also noteworthy that the IL-32 levels are extraordinarily higher in PF of controls and endometriosis group (~1.0 ng/ml and 1.5 ng/ml, respectively) than TNF-α or IL-1β in the present study. Other previous studies on IL-32 also have reported very high levels of IL-32 in other body fluids, synovial fluid (~12 ng/ml in ankylosing spondylitis), sputum (~7 ng/ml in healthy controls) and serum (~2.5 ng/ml in of healthy controls) (Bang et al., 2014; Lee et al., 2015) , which suggests that IL-32 concentrations might be much higher in various body fluids compared with well-known proinflammatory cytokines such as TNF-α or IL-1β.
We have shown that viability and PCNA expression of endometrial cells were significantly increased after treatment with both IL-32α and IL-32γ. We could also see that cellular invasiveness was obviously increased following both IL-32α and IL-32γ treatment in the ESCs. Taken together with the findings that the IL-32 level is elevated in PF of women with endometriosis, it can be suggested that endometrial cells refluxed to the pelvis through retrograde menstruation can survive and grow at ectopic locations due to the action of IL-32 and they can invade to adjacent tissues, eventually leading to establishment and progression of endometriosis.
The effects of IL-32 α and γ on the viability of both cell types seem to be more obvious by 25 ng/ml treatment compared with 50 ng/ml treatment. Since the concentration of IL-32 in the PF of endometriosis group is~1.5 ng/ml, the concentrations used in the present study (25 and 50 ng/ml) may seem to be very high levels. Although we do not have any data on the effect of IL-32 in lower concentrations, it is possible that the endometrial cells may have increased cellular viability by IL-32 in a specific range of concentrations, beyond which no obvious differences can be found. This might be due to desensitization of the downstream signaling pathway of IL-32 at a certain concentration of IL-32, although there is no data as yet to support this. We could seẽ 20% increases in cellular invasiveness of ESCs following IL-32α or γ. Considering that the cellular invasion can be increased to~50% or 150% level by in-vitro IL-8 or IL-1β treatment in other studies (Zhang et al., 2011; Luo et al., 2015) , the effect of IL-32 on cellular invasion might be weaker than other proinflammatory cytokines. Alternatively, it is also possible that the all of the IL-32 isoforms together might lead to a much greater increase in invasiveness compared to treatment with each isoform alone, since we treated the ESCs with either the IL-32α subunit or the IL-32γ subunit.
In the present study, we have utilized the Ishikawa cell line as a surrogate of human endometrial glandular cells. We could see that the Ishikawa cell data are consistent with those of ESCs in that both IL-32 α and γ led to significant increases in cellular viability. However, PCNA expression was significantly increased by IL-32γ treatment only in ESCs, and there was no significant difference in PCNA expression following IL-32γ treatment in Ishikawa cells. Moreover, only ESCs have a significantly increased cellular invasiveness following IL-32γ treatment, whereas Ishikawa cells showed no difference of invasiveness with IL-32γ treatment. Although we have no data explaining these discrepancies between the two cell types in the present study, it is possible that there might be some differences in the cellular response to IL-32γ between endometrial glandular cells and ESCs in terms of cellular proliferation and invasiveness. Also, it can be suggested that the Ishikawa cell line, which is a welldifferentiated endometrial adenocarcinoma cell line, may have biological characteristics of cancer cells, and might have different response to IL-32γ from normal endometrial glandular cells as well as ESCs. Pelch et al. (2012) reviewed the mouse autotransplantation model for endometriosis research, and suggested that the timing of necrobiopsy should be determined by particular purpose of research. Specifically, collection of mice for several days following autotransplantaion allows the assessment of the early critical events in the establishment of endometriosis. By 2 weeks, endometriotic lesions are well established and have usually formed cyst-like structures, and they continue to be enlarged in size and volume for two months following autotransplantation. Although there might be some visible differences in the early establishment period between TG and WT mice following several days of surgery, we wanted to compare the endometriotic lesions after longer period (31 days), when the measurement can be much easier due to the larger size of the lesions. Utilizing the mouse autotransplantation model, the present study showed that IL-32 γ TG mice had a significantly larger size of the ectopic endometrial lesions with higher Ki-67 and PCNA expression compared with WT mice. These in-vivo findings are quite consistent with the in-vitro cell culture data showing increased viability and proliferation following IL-32 treatment.
We utilized the IL-32γ TG mice originally established by Choi et al. (2010) in the present study. According to the original study, the IL-32γ TG mice were driven by the chicken β-actin promoter to express human IL-32γ. They were developed without any visible abnormality or runting. It was shown that IL-32γ was expressed strongly in the peripheral white blood cells and the mean serum level was~3.0 ng/ml in the IL-32 γ TG mice, whereas WT mice had no detectable IL-32γ in white blood cells as well as in the serum. Human IL-32γ was expressed at high levels in the liver, stomach, skeletal muscle, heart, and pancreas, and expressed in lower levels in cerebrum, lymph node, upper Figure 5 Photographs, graph, micrographs of H&E staining showing ectopic endometrial tissues in wild-type mice and interleukin-32 transgenic mice (A), and representative micrographs and HSCOREs of immunostainings for Ki-67 antigen (B) and proliferating cell nuclear antigen (C). Error bars show the mean ± SEM. *P < 0.05 vs control. Control: wild-type mouse; IL-32 TG: interleukin-32γ transgenic mouse; PCNA: proliferating cell nuclear antigen.
intestine, kidney, testis and thymus. Considering that a high level of human IL-32γ is expressed in the peripheral white blood cells as well as in serum, the ectopic endometrial cells transplanted to peritoneum in IL-32γ TG mice are exposed to higher levels of IL-32γ, which can lead to establishment of larger ectopic lesions compared to WT mice through increased cellular proliferation by IL-32. However, we could not analyze the level of IL-32 expression in the endometrium or peritoneum of IL-32γ TG mice as well as WT mice in the present study. A further study is necessary to investigate the role of IL-32γ in TG mice based on a criss-cross experiment design along with measurement of expression levels of IL-32 in the uterus and the peritoneal cavity of the TG as well as the WT mice.
The strength of the present study is the consistent data based on invitro and in-vivo models as well as analyses on human PF samples, which strongly suggests that IL-32 could play a pivotal role in the pathogenesis of endometriosis. However, further studies are necessary to overcome several limitations of the present study such as the higher concentrations used in the present study (25 and 50 ng/ml) compared with the IL-32 level in the PF and the uncertainity about whether IL-32 is a main regulator or one of several downstream proinflammatory cytokines causing establishment and/or progression of endometriosis. It also has to be determined whether IL-32 has direct effects on the endometrial cells or whether activation of TNF-α and/or IL-1β by IL-32 is the critical process affecting endometrial cells. Furthermore it will be important to investigate whether effective inhibition of IL-32 signaling pathway can contribute to development of a better treatment strategy for endometriosis.
